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(54) Metliod of producing cordierite bodies utilizing substantially reduced firing times 



(57) A cordierite body is produced by providing 
cordierite-forming raw materials as talc, calcined talc, 
MgO-fbrming component, magnesium aluminate spinet, 
Si02-forming component. Al203-forming oomponent. 
kaolin, calcined kaolin, and/or mullite. such that the 
quantity R is less than about 10.156. R is 



15 X 10"^*C'^ in at least one direction. In another 
emtx)diment. the raw materials are talc, an alumina- 
forming source, and silica, wherein the mean particle 
diameter of the talc is less than about 4 micrometers, 
and that of the alumina-forming source is less than 
about 2 micrometers. 
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0.140 (wt% mullite powder) 

+0.433(wt.% SiOa powder) 

+0.0781 {wt% alpha AI2O3 powder)(mean particle 

size of alpha AI203 powder) 

+0.0872 (wt.% AI(OH)3 powder)(mean particle size 

of AI(OH)3 powder) 

+0.00334(wt.% Si02 powder)(wt.% ^inel powder) 

+2.330 tog-io (1+(wt.% MgO-forming oompo- 

nent)(wt.% calcined kaolin)) 

-0.244 (wt.% MgO-forming component) 

-0.167 (wt.% dispersible high surface area AI2O3- 

forrning component) 

+1 . 1305 (heating time at maximum tenperature) '' . 

The raw materials are intimately blerxjed with effec- 
tive amount of vehicle and fomning aids to impart plastic 
formability and green strength to the raw nnaterials and 
form a plastic mixture. A green body is formed which is 
dried and heated from room temperature up to a maxi- 
rvum temperature of about 1360*0 to 1435*0 at an 
average heating rate of at least at>out 31 5^0 per hour 
and held at maximum temperature for about 0.05 to 4.4 
hours. The total heating time from room temperature to 
the end of the hold at the maxinnum tenrtperature is less 
than about 4.5 hours. The resulting body is predomi- 
nately cordierite, having a mean coefficient of thermal 
expansion from about 25"C to 800'C of less than about 
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Description 

[0001] This application claims the benefit of U.S. Provisional Application No. 60/053,938, filed 7/2BI97» entitled 
METHOD OF PRODUCING CORDIERITE BODIES UTILIZING SUBSTANTIALLY REDUCED FIRING TIMES, by 
5 Edward E. Cornelius and Gregory A. Merkel. 

[0002] This invention relates to a method of producing cordierite bodies that invofves substantially reducing the firing 
time required to produce a low expansion body. More particularly, the body is formed by extrusion. Still more particularly, 
the body has a honeycont) structure. 

10 Background of the Invention 

[0003] Cordierite bodies having honeycomb structures are especially suited for but not limited to use as substrates 
for catalysts for converting automotive exhaust; for example, or as diesel particulate filters or as regenerator cores. Use 
of cordierite is favorable in these applications t>ecause of its good thermal shock resistance. The thermal shock resist- 
16 ance is inversely proportional to the coefficient of thermal expansion (CTE). That is. honeycombs with low thermal 
expansion have good thermal shock resistance and can survive the wide temperature fluctuations that are encountered 
in the application. 

[0004] Although the mineral cordierite has an intrinsically low CTE (about 17x1 0'^°C*^ (25-800''C)), cordierite ceram- 
ics formed by the reaction of certain sinrple or complex natural or synthetic raw nnteriats (e.g. kaolin + talc + alumina: 
20 magnesia -t- alumina + silica: spinel + silica) can exhibit CTE*s that are much lower. The attainment of these low expan- 
sions is dependent on three microstructural features related to the nudeation and growth of the cordierite: microcrack- 
ing. crystal orientation, and residual phases. 

[0005] Microcracking is dependent on the anisotropy in the thermal expansion of cordierite atong its crystallographic 
axes. Thermal stresses generated during cooling after firing result in microcrack formation. During reheating, some of 
25 the thermal expansion of the ceramic body is accommodated by the re-dosing of the microcracks, yielding a reduction 
in the bulk CTE of the ceramk:. The presence of microcracking in a ceramic body is manifested by hysteresis in the ther- 
mal expansion curve for that body. 

[0006] The devefopment of a non-random orientation of the cordierite aystals during sintering also influences thernrmi 
expansion The extrusion of cellular bodies of cordierite-forming batches imparts an alignment or foliation of the tabular 

30 and plate-like raw materials, whk:h in turn results in the growth of cordierite crystals in which ttie negative-expansion c- 
axes of the cordierite crystals tend to lie within the plane of the honeycomb wall& This miaostructural feature further 
contributes to a reduced CTE in tx)th the axial and radial dimensions of the honeycomb. The extent to which the cordier- 
ite crystals are oriented with their c axes in the plane of the cell walls of the honeycomb is measured by x-ray drffrac- 
tometry (XRD) of the as-fired surfaces of the walls. Sp>ecifically, the XRD intensities of the (110) and (002) reflections 

35 from the cordierite crystals (based upon hexagonal indexing) are detemiined for the as-fired surface of the cell wad. The 
intensity of the (110) reflection. 1(1 10), is proportional to the fraction of crystals lying with their c axes in tiie plane of tiie 
wall, while the intensity of the (002) reflection, 1(002). is proportional to the fraction of crystals growing orthogonal to the 
cell wall. An "I -ratio" is defined by the folfowing relation: 

^ I - 1(110) 



1(1 10) +1(002) 

45 

[0007] The I ratio ranges from 0.0 for a body in which all of tiie cordierite crystals are oriented with tiieir c axes per- 
pendicular to the cell wall, to 1 .00 for a body in which all of the crystals lie with their c axes within the plane of the wall. 
It has been fourxi experimentally Uiat a body in which the cordierite crystals are randomly oriented exhbtts an 1-ratio 
so equal to approximately 0.655. 

[0008] Finally, to achieve a low-CTE cordierite body, it is necessary that the reaction of the cordierite-forming raw 
materials proceed essentially to completion so tiiat there exists a minimum of residual, high-expansion phases such as 
glass, cristobaltte, mullite, alumina, spinel, and sappfiirine in the body after sintering. 

[0009] The formation of low therrmi expansion cordierite bodies is dependent tiierefore on the nudeation of tiie 
55 cordierite raw materials and on its subsequent growtin. An interplay exists between firing schedule and tiie nature of tiie 
raw materials such tiiat a batch that yields a low-CTE ceramic when fired on a long schedule may result in a high expan- 
sion on a shorter schedule and vice versa. Spedfically. shortening of the schedule may result in incomplete reaction of 
some batches, resulting in a CTE increase due to the presence of residual, high expansion phases. Alternately, faster 
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firing rates and shorter schedules could decrease the expansion of other batches (prov^ided that the reaction to form 
cordierite is nearly complete) by increasing the amount of microcracking. 

[0010] At present, cordierite-fonning cellular ceramics are fired at heating rates of about 10 to 200''C/hr through spe- 
cific segments, with average heating rates of approximately 30 to 70°/hr. from 25'C to maximum temperature. Soak 
5 times at maximum temperature range from about 6 to 12 hours, and total firing cycles are greater than about 25 hours 
in duration. 

[001 1] A method for producing low thermal expansion cordierite bodies in which the total firing time is substantially 
less than 20 hours, artd preferably less than 5 hours would have several advantages. Annong the advantages would be 
more efficient use of equipment, less energy consumption, and greater productivity 

10 

Summary of the Invention 

[001 2] In accordance with one aspect of the invention, there is provided a method of producing a cordierite body that 
involves providing cordierite-forming raw materials as talc, calcined talc. MgO-forming component magnesium alumi- 
15 nate spinel, SiOg-forming component Ai203-fbrming conponent. kaolin, calcined kaolin, and/or mulllte such that the 
quantity R is less than about 10.156. R is 

0.140 (wt% mullite powder) 

+0433{wt.% SiOg pcwder) 
20 4^.0781 (wt.% alpha AI2O3 powder)(mean particle size of alpha AI2O3 powder) 

+0.0872 (wt.% A!(OH)3 powder)(mean particle size of AI(OH)3 powder) 

+0.00334(wt.% SiOg powder){wt.% spinel powder) 

+2.330 log 10 (1+(wt% MgO-forming component) (wt.% calcined kaolin)) 

-0.244 (wt.% MgO-torming component) 
25 -0. 1 67 (wt.% dispersiWe high surface area Al203.-for ming component) 

+1 . 1305 (heating time at maximum terrtpBraturB)''^ . 

[0013] The raw materials are intimately blended with effective amount of vehicle and fonming aids to impart plastic 
formabllity and green strength to the raw materials and form a plastic mixture. A green body is formed which is dried 

30 and heated from room temperature tp to a masdmum temperature of atx^ut Iseo^'C to 1435^0 at an average heating 
rate of at least about 315*C per fwur and held at maximum temperature for about 0.05 to 4.4 hours. The total heating 
time from room temperature to the end of the hold at the maximum temperature is less than about 4.5 hours. The result- 
ing body is predominately cordierite having a mean coefficient of thermal expansion from atx3ut 25*^0 to 800° C of less 
than about 15 x lO'^^'C"' in at least one direction. 

35 [001 4] In accordance with another aspect of the invention, the raw materials are talc, an alumina-forming source, and 
silica, wherein the mean particle diameter of the talc is less than about 4 micrometers, and that of the alumina-forming 
source is less ttian about 2 micrometers. 

Dgtail^ Degcription of the Invention 

40 

[001 5] The present invention relates to a method of producing a cordierite body having a mean coefficient of thermal 
expansion (CTE) from 25*C to 800*0 of less than about 15x10'^*'C~^ in at least one of three orthogonal directions by 
mixing together certain nragnedum, aluminum, and silicon containing raw materials, fabricating a green body such as 
by extrusion, heating the body up to a nr^ximum temperature of about 1360^0 to 1435''C. at an average heating rate 
45 from room temperature to maximum tenperature of at least al>out 3 1 5*C per hour and holding at the maximum tenper- 
ature for about 0.05 hours to 4.4 hours. The total heating time from room temperature until the end of the soak at max- 
imum temperature is less than about 4.5 hours. 

[0016] All particle sizes are mean or average particle diameter as measured by a sedimentation technique. 
[001 7] All percents are in weight unless otherwise specified. 

50 

The Raw Materials 

[0018] The raw materials are selected that will form cordierite by reaction with one arx3ther on firing. Such raw mate- 
rials include tate, calcined talc, MgO-fomiing component, magnesium aluminate spinet Si02"fonning component, 
55 AlsOs-forming component kaolin, calcined kaolin, and^or mullite. 

[0019] By Al^Oa-forn^ng component is meant AI2O3 itself or other material having low water solibility which when 
fired converts to AI2O3. Some typical Al203-forming components include alpha-alumina. AI(0H)3, and dspersible high 
surface area Al203-fonming components. 
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[0020] The dispersible high surface area AlgOa-forming component or source can be provided as the powder or as a 
sol By dispersible is meant that the agglomerates of very fine particles can be broken up and dispersed into the con- 
stituent particles. By high surface area is meant a surface area greater than about lOm^/g and preferably greater than 
about 40m2/g. Such powders can include boehmite, pseudoboehmite, gamma-phase alumina, delta-phase alumina, or 
5 other so-called transition aluminas. By MgO-forming component is meant MgO itself, or other material having low water 
solubility which when fired converts to MgO. such as Mg(OH)2. MgCOa. or combinations of these, etc. 
[00211 Silica-fomiing component can be e.g. quartz, fused silica, colloidal silica powder or sol. and/or silicon organo- 

metallic compounds. • ^ aoo<v 

[0022] The composition preferably consists essentially of nominally about 1 2% to 1 6% magnesium oxide, about 33% 
10 to 38% aluminum oxide, arxJ about 49% to 54% silica. The most preferred composition consists essentially of nominally 
about 12.5% to 15.5% nmgnesium oxide, about 33.5% to 37.5% aluminum oxide, and about 49.5% to 53.5% silica. 
[00231 i-^ CTE is favored by longer heating times, low contents of an alpha-alumina or aluminum hydroxide raw 
material fine particle size of the alpha-alumina or aluminum hydroxide powder when such a material is present, and a 
minimalamount of silica powder. Such processing conditions and raw material properties facilitate that reaction of the 
raw materials to form the desired corciierite phase. When free silica is present as a raw material, the amount of spinel 
raw material is preferably low. However when free silica is low or absent, spinel as a raw material is beneficial in lower- 
ing CTE when it replaces an alpha-alumina a- aluminum hydroxide. Longer soak times and/or higher soak temperatures 
are especially effective when silica powder is used and/or when the particle size of the alpha-alumina or aluminum 
hydroxide is coarse. The use of mullite powder as a source of Al and Si is preferably low. as nujllite powder reduces the 
preferred orientation of the cordierrte and also reduces the extent of microaacWng. It is anticipated that kyanrte or silli- 
manite (both AUSiOs) would behave similarly to mullite (AleSigOia) in raising CTE. However, these aluminosilicate raw 
materials would probably help reduce cracking when they substitute for kaolin in the batch. The combined use of an 
MgO-forming component and a calcined kaolin is preferably minimized because this combination also raises CTE by 
reducing crystal orientation and microcracking. However, when calcined kaolin is absent, the use of an MgO-forming 
source is beneficial in promoting growth of the cordierite and attainment of low CTE. The use of a dispersible high sur- 
face area AUOo-forming powder or sol is also beneficial in rKludng CTE. 
[00241 The raw materials for forming the corcBerite body are at least those that satisfy the following relationship with 
the quantity R being less than about 10.156 and being defined as: 

30 0. 1 40 (wl.% mullite powder) 
+0.433(wt.% SiOa powder) 

+0.0781 (wt.% alpha AI2O3 powder)(mean particle size of alpha AI2O3 powdeO 
+0.0872 (wt.% AI(OH)3 powder)(mean particle size of AI{OH)3 powder) 
+0.00334{wt% Si02 powder)(wt.% spinel powder) 
35 +2.330 logi 0 (1 +(wt.% MgO-fbrming componerTt)(wt.% calcined kaolin)) 
-0-244 (wt.% MgO-fomriing component) 

-0.167 (wl.% dispersWe high surface area AlgOa-forn^ng oonrponent) 
+1 .1 305 (heating time at maximum temperature)"'' 

40 [00251 In the raw material mixtures that contain kaolin, part or all of the kaolin can be replaced with a calcined kaolin 
to reduce the tendency of the green body to fracture during firing. When a calcined kaolin is used, it preferably consists 
predominately of particles having a plate-like morphology, and is preferably calcined at a sufficiently high temperature 
to form some mullite within the former clay particles, h has been found that the mullrte within the calaned kaolin parti- 
cles does not increase CTH, in contrast to the presence of particulate mullite in the raw material mixture. In mixtures 

45 that include calcined kaolin, it is preferred that the calcined kaolin have at least about 1 % by weight mullite crystallites. 
10026] The relationship of CTE to firing cyde and raw materials is appreciated with reference to the examples in 
Tables 1 to 3. 

[00271 To achieve tow CTE's with short firing times using less than about 5% mulIHe and less than about 5% silica 
powder six types of batches are preferred: (1) tate; spinel, and kaolin (2) talc, spinel, kaolin, and calcined kaolin. (3) 
50 talc. MgO-forntng souce. and kaolin, (4) MgO-forming source, kaolin, and silica powder. (5) tate. kaolin, and an AI2O3- 
forming source, and (6) talc, kaolin, an AlaOa-forming source, and cateined kaolin. 

[00281 With the first and second combinations, the kaolin preferably has a mean particle diameter of less than about 

3 micrometers. ^ ^ ^. , . _ 

[00291 With the fourth combination, the kaolin preferably has a mean particle diameter of greater than about 3 

55 micrometers. ^ « 

[00301 With the fifth and sixth combinattons. it is preferred that the alumina-forming source h^e a mean partde diam- 
eter of less than atiout 2.0 micrometers and/or a specific surface area greater than about 5 m^/g. 
[0031 1 Especially advantageous mixtures with the fifth and sixth raw nraterial combinations are those in which the alu- 
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mina-fonrtng source has a mean particle diameter of less than about 20 micrometers and/or a specific surface area 
greater than about 5 m^/g. and the alumina-fonnlng source is provided as a dispersible high surface area powder or sol 
in which the specific surface area of the alumina-forming source is greater than about lOnf/g. The dispersible high sur- 
face area aiumir^-forming source is preferably boehnrate, pseudoboehmite, or gamma-phase alumina. 
[0032] Still other advantageous mixtures with the fifth or sixth raw material combinations are those in the which alu- 
mina-forming source has a mean particle diameter of less than about 2.0 micrometers and/or a specific surface area 
greater than about 5 m^/g. and the mean particle diameter of the talc is less than about 4.0 miaometers. In these latter 
cases it is especially advantageous that the mean particle diameter of the kaolin be greater than about 3.0 miCTometers. 
[0033] In another embodiment, another advantageous raw material combination is talc, an alumma-forming source, 
and silica in which the mean particle diameter of the talc is less than about 4 micrometers, and that of the alumina-form- 
ing source is less than about 2 micrometers. This con*ination is not restricted by the above given value of R. 
[0034] Raw materials are selected so that the total of KgO + NagO + CaO is less than about 0.5%. 
[0035] The raw materials are blended with vehicle and forming aids that impart plastic formability and green strength 
to the raw materials when they are shaped into a body. When the forming is done by extrusion, the extrusion aids are 
most typically cellulose ether organic binder, and a lubricant such as sodium ammonium or diglycol stearate. although 
the Invention is not limited to these . . 

[0036] The organic binder contributes to the plasticity of the mixture for shaping into a body. The plasticizing organic 
binder according to the present invention refers to cellulose ether binders. Some typical organic binders according to 
the present invention are methylcellulose, ethylhydroxy ethylcellulose. hydroxybutyi methylcellulose. hydroxymelhylcel- 
lulose hydroxypropyl methylcellulose. hydroxyethyl methylcellulose. hydroxybutylcelliiose. hydroxyethylcellulose. 
hydro3^ropylcellulose, sodium cartioxy methylcellulose, and mixtures thereof. Methylcellulose and/or methylcellulose 
derivatives are e^edally siit«d as organic binders in the practice of the present invention with methylcellulose. hydrox- 
ypropyl methylcellulose, or combinations of these being preferred. Preferred sources of cellulose ethers are Methocel 
A4M. F4M. F240. and K75M from Dow Chemical Co. Methocel A4M is a methylcellulose. while Methocel F4M, F240. 
25 and K75M are hydroxypropyl methylcellulose. 

[0037] The organic binder content is typically is about 3% to 6%, based on the raw material. 
[0038] The vehicle can be inorganic, i.e. consisting largdy of water, which is typically but not exclusively about 28% 
to 46%: or it can be organic. The use of water is prefen-ed. although evaporable organic liquids such as lower alkanols 
can be wholly or partly substituted as desired. . . ^ ^^.^ .*u 

30 [0039] The weight percents of the organic binder, vehicle and other additives are calculated as superadditions vwth 
respect to the raw materials. . ^ u ^• 

[0040] The mixture is then formed into a green body The preferred forming method is by extrusion through a die. 
Extrusion can be done by ising a hydraulic ram extrusion press, or a two stage de-airing single auger extruder, or a twin 
screw mixer with a die assembly attached to the discharge end. In the latter, the proper screw elements are chosen 
35 according to material and other process conditions in order to build up sufficient pressure to force the batch material 

through the die. ^ , , 

[0041] The bodies according to the present invention can have any convenient size and shape. However, tne process 
is especially suited to production of cellular monolith bodies such as honeycombs, particularly those having diameters 
less than about 7.6 cm {3 inches). Cellular bodies find use in a number of applications such as catalysl carriers, filters 
40 such as diesel particulate filters, molten metal fiHers, regenerator cores, etc. , 2 / ^ ^«r. 

[0042] Generally honeycomb cell densities range from 235 cells/cnf (about 1 500 cellsAin^) to 1 5 cells/cm (about 1 00 
cells^n^) Some exanples of canmonly used honeycombs in addition to tiiese. altiiough it is to be understood th^the 
Invention is not limited to such, are about 94 cells/cm^ (about 600 cellsrtn^), about 62 cells/cm^ (al^ut 400 ©elteflnj^r 
about 47 cells/cm^ (about 300 cells/in^) and those having about 31 cells/cnr^ (about 200 cellsfln^). Typical wa^l th^- 
nesses are for example, about 0.15 mm (about 6 mils) for about 62 cells/cm^ (about 400 cells/in^) honeycombs. WaM 
(web) thicknesses range typically from about 0.1 to about 0.6 mm (about 4 to about 25 mils). The extemal size arcJ 
shape erf the body is controlled by the application, e.g. in automotive applications by engine size and space a^aj^a"^^^ 
mounting, etc. Honeycombs having about 1 5 to about 30 cells/cm^ (about 1 00 to about 200 cells/in^ and al^out a30 to 
about 0.64 mm (about 12 to about 25 mil) wall thicknesses are especially suited for diesel particulate f ilterapplicaUore. 
This invention is especially advantageous for honeycombs having very thin walls, e.g. i .13 mm (5 mils). Thiriner waneo 
honeyoorrtbs can be made e.g. .025-.1 nm (1 -4 mils) for some of the inventive mixtures especially those that contain 
day alumina, and a talc all of which have a mean particle size of <3 n^aometers in diameter, 
[0043] The green body is then dried according to conventional procedures for green cordierite bodies such as e.g. 

oven or dielectric drying. -^.r^+zavi 
[0044] The dried body is then fired under tiie conditions described eariier from room temperature to a maxinrwm tem- 
perature of about 1360'»C to 1435'C. Although tfie mean heating rate is more rapid tiian has been routinely emplc^ed 
in tiring cordierite ceramics, e.g. honeycombs, it is appreciated ttiat stower heating rates can be emptoyed through cer- 
tain segments of the firing schedule in which the body is undergoing shrinkage or an endothermic reaction. Ttius. tor 
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example, it is desirable to fire a talc and kaolin containing body at a heating rate of ^0*'C/hr. between about 400<'C 
and 550''C (kaolin water toss) and between about QOO^C and 950*'C (talc water loss), and between about 950*^0 and 
1 1 50*0 (high shrinkage region). However, the heating rate can be accelerated during other portions of the firing sched- 
ule to yield an average rate from about 25*^0 to maximum temperature of at least about SlS^C/hr The fast-firing cycles 
of the inventive method are especially suitable for firing in roller hearth kilns or by microwave sintering. 
[0045] The fired body is then cooled to room temperature in as short a time as is practical. 
[0046] When prepared according to the inventive methods, the bodies exhibit a CTE from 25 to 800''C of less than 
about 1 5x1 0''^''C-\ 

[0047] Volume porosities are observed to range from about 5% to 35%. although rt is probable that a pore-forming 
agent can be added to increase the volume fraction of porosity in the fired fcxxiy. Median pore sizes range from about 
0.2 to 13 microns depending upon the particle sizes of the raw materials, and can probably be extended to larger pore 
sizes. 

[0048] To more fully illustrate the invention, the following non-limiting examples are presented. All parts, portions, and 
percentages are on a weight basis unless otherwise stated. 

[0049] Table 1 lists the raw materials used in the compositions prepared according to the inventive method and com- 
parative methods. Bring schedules of the examples are given in Table 2, and physical properties of the examples are 
given in Table 3. All batches were mixed with water. nr>ethylceltuk)se. and sodium stearate, arxj extruded as 2.54 cm (1 
inch) diameter, 62 cells/cm^ (400 cells/in.^), 0.2 mm (8 mil) wall honeycomb. All exanples were fired in electrically 
heated furnaces. Firings greater than about 40 hours were performed in silicon carbide "Globar" furnaces, whereas all 
other firings were conducted in furnaces wvith molybdenum disiltcide heating elements. 

^NVEf^n■fVE AND COMPARATIVE EXAMPLES 

[0050] The thermal expansions of all inventive and comparative example for which the firing cyde is less than about 
4.5 hours listed in Table 3 are consistent with the restrictive equation for raw materials with the exception of Example 
No. 83, as discussed below. That is, the value of R is less than 10.156 for all inventive examples and is greater than 
10.156 for all comparative examples for which the firing cycle is less than about 4.5 hours. Thermal expansions were 
measured along the directk)n parallel to the lengths of the open channels of the honeyconnb ceramics. 

Raw Material Combinations that Ck>ntain MqAI^ O^ Spinel 

[0051] Examples 1 to 5 demonstrate inventive methods for yielding low-CTE bodies from raw material combinations 
consisting of talc + kaolin + spinel when the mean particle size of the talc is about 6.1 micrometers and the mean par- 
ticle size of the kaolin is at least as fine as 0.4 micrometers, or at least as coarse as about 7.4 micrometers. Inventive 
Examples 6 arKi 7 show tiiat the mean partide size of the tak: can be reduced to at least as fine as about 1 .6 microm- 
eters. Inventive Example 8 illustrates that at least some of the kaolin can be replaced with a cabined kaolin. 
[0052] Comparative Example 9 demonstrates that very high CTE's are obtained when silica powder is used as tiie 
only source of SiOg and when tiie firing cyde is less than about 4.5 hours. This is consistent with the fact that the value 
of R calculated for this example is aksout 31 .3, which is greater than the limiting value of about 10.156 for the inventive 
methods. Comparative Example 10 shows that tow CTE can be obtained for a raw material combination of spinel + sil- 
ica powder when the firing cyde is extended to allow complete reaction of these raw materials. 

Raw Material Combinations that Contain an MgO-Forming Source 

[0053] Exanrtples 1 1 to 18 and Examples 20 to 23 den^strate inventive methods based on a mixture of talc -i- kaolin 
+ an MgO-farming source, in which the mean particle size of the talc is about 6.1 mrcrometers and the mean partide 
size of the MgO-forming source can be at least as fine as 0.8 micrometers (Conposition No. 8) or at least as coarse as 
about 6.5 miaometers (Composition Nos. 9 and 10). Low CTE's are obtained for firing cydes at least as short as 1 .8 
hours due to the fast rate of cordierite growth in raw material mixtures whk;h have Irttle or no silica powder and little or 
no alpha-alumina or aluminum hydroxide powder of coarse partide size or bw surface area. However. Comparative 
Example 19 shows tfiat high CTE's are obtained when Composition No. 9 is fired on a longer, slower cycle, due to a 
lower amount of mk:rocracKing. 

[0054] Examples 24 and 25 illustrate that the mean particle size of the talc can be at least as fine as about 1 .6 microm- 
eters in raw nraiterial mixtures that also contain kaolin and MgO. 

[0055] Examples 26 and 28 demonstrate tiiat mixtures of MgO + Kaolin + silica |3owder yield CTE's less than about 
ISxIO'^'C'^ when fired in less than about 4.5 hours. The low CTE is tiie result of extensive microcracking tiie micro- 
stnjcture of the body exhibits very litile preferential orientation of tiie cordierite crystals witii their c-axes in the plane of 
the cell walls, as Incficated by the low l-ratia Examples 27 and 29 show that these raw material mixtures yieW high 
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CTE's when conventionally slow heating rates are employed. 

[0056] Example 30 illustrates that some of the kaolin in MgO + kaolin + silica mixtures can be replaced with an alu- 
mina-forming source and additional silica powder and still yield a body having a CTE less than about 15x1 0'^'^C'^ when 
fired in less than 4.5 hours, provided that raw materials still fulfill the requirement that "R" be less than about 10.1 56. 
5 [0057] Example 31 shows that the combination of MgO, talc, kaolin, and calcined kaolin constitutes an inventive 
method when the value of "R" is less than 10.156. Firing this raw material at a slower heating rate results in a CTE 
greater than about 1 5x1 0-^'C '' . as seen in Example 32. Example 33 demonstrates that the talc particle size may be at 
least as coarse as about 6.1 micrometers in this combination of raw materials. 

[0058] Example 34 illustrates that a mixture of MgO + calcined kaolin + silica powder yields a CTE less than 1 5x1 0' 
10 7»C"^ ; however, this CTE is higher than many of the other inventive examples, consistent with the high "R" value for this 
combination of raw materials. Comparative Example 35 shows that this mixture results in a CTE greater than 15x10" 
^'»C""' when f ired according to a conventional slow schedule. 

[0059] Example 36 demonstrates that the combination of MgO + fine alumina + silica powder does not constitute an 
inventive method. "Rie high CTE is the result of a large amount of residual high- expansion spinel phase that formed by 

15 reaction between the magnesia and alumina. The CTE greater than 15x1 0-^^'C '' is consistent witii the fact tiiat the "R" 
value for this raw material mixture is 20.5. greater than the limiting value of 1 0.1 56. Example 37 shows that MgO + fine 
alumina + silica powder is capable of yielding a low-CTE body when the firing cycle is extended to much longer times. 
[0060] Corrparative Example 38 further illustrates that a mixture of MgCOHfc + AI(OH)3 having a mean particle size 
of 3 micrometers + silica powder does not comprise the present inventive method. The computed "R" value is 25.8. 

20 greater than the upper limit of 10.156 for inventive methods, and the high CTE of 31.6x10-7»C-i is the result of a large 
amount of residual spinel in the body 

MatPrial Combinatinns that C Qntain Talc -i- Kaolin + an Alumina-ForminQ SOUrce 

25 [0061 1 Inventive Examples 39 to 42 demonstrate that combinations of talc + fine kaolin + fine alumina yield low CTE 
bodies when fired in less than 4.5 hours for talc mean particle sizes qt least as fine as 1 -6 micrometers and at least as 
coarse as 6.1 micrometers. ^. , • 

[0062] Inventive Example 43 showws that some of the kaolin can be replaced with silica powder and more fine alumina 
and still produce a k)w-CTE body on a fast schedule. . . . ^ 

30 [0063] Comparative Example 44 illustrates that CTE's above 15xl0-7-C-^ result when part of the kaolin is replaced 
with a larger amount of alumina and AI(OH)3 having a coarse particle size and a large amount of silica powder. The high 
expansion is the result off large amounts of residual spinel, and is consistent wrth tiie high "R" computed ffor tiiis raw 
material combination. Example 45 shows that these raw materials will yield a kwer CTE when provided with more time 
for tiie cordierite-forming reaction to progress- 

35 [0064] Inventive Exarrple 46 shows that an especially low CTE is obtained for the combination of talc + kaolin + a 
highly dispersibleAIOOH powder having a high surface area. 

[0065] Inventive Example 47 demonstrates that a mixture of talc + kaolin + fine alumina yields a low-CTE body when 
fired in under 4.5 hours even when tiie kaolin has a mean particle size at least as coarse as 7.4 micrometers. Example 
48 shows that such mixtures constitute an inventive method even when the mean particle size of the talc is much less 
40 than that of the kaolin. 

[0066] Examples 49 and 50 illustrate that firing mixtures of talc + kaolin + an alumina having a mean particle size as 
coarse as 4 5 micrometers in less tiian 4.5 hours comprises the inventive method; however CTE's are not as low as 
when a finer alumina powder is used, consistent witti the high computed "R" value for the coarse alumina-containmg 
mixtures. 

Raw Material Contjinations that Cnntain Talc -i- Kaolin + Calcined Kaolin + an Aluminfl-Forming Source 

[0067] Inventive Examples 51 to 53. 55 to 63, and 65 to 72 demonstrate that mixtures off talc + fine kaolin + calcined 
kaolin + fine alumina can be fired in less than 4.5 hours and yield bodies having CTE's less than 15x10" for talc 
mean particle sizes at least as coarse as 6.1 micrometers and at least as fine as 1 .6 micrometers. However. Compar- 
ative Examples 54, 64, and 73 illusti-ate that firing these bodies on an ultra-fast cycle of only 0.2 hours resurts in higher 
amounts of residual spinel and CTE's greater than ISxIO'^^'C . Correspondingly, tiie computed "R" values for these 
raw material mixtures fired on such a short cyde are greater tiian the inventive limit of 1 0. 1 56. 
[0068] Inventive Exanple 74 shows that an e^:>ecially low CTE can be obtained for firing cycles less than 4.5 hours 
for a mixture of talc + kaolin + calcined kaolin -t- a highly dispersible AlOOH powder having a high surface area. 
[0069] Inventive Exanples 75 to 80 illusfrate tiiat CTE's less than ISxIO-^oC'"" are obtainable for mixtures of talc + 
kaolin + cateined kaolin + alumina ± silica powvder even when tiie mean particle size of the alumina is as coarse as 4.5 
micrometers. However, the coare alumina results in higher expansions than when finer alumina is used, consistent 
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with the elevated values of the computed "R" parameter. 

Raw Material Combinations that Contain Talc -t- an Alumina- Forming Source Silica 

[0070] Connparative Example 81 demonstrates that a mixture of talc -i- alumina + silica yields a CTE greater than 
15x10"^*C'^ when fired in less than 4.5 hours and when the mean particle diameter of the talc is 6.1 micrometers. The 
computed "R" value is correspondingly greater than 10.156. Example 82 shows that this raw material combination is 
capable of producing a low-CTE t>ody when fired on a conventional longer schedule. 

[0071] Inventive Exanple 83 shews that a mixture of talc + alumina + silica fired on a 3.4 hour cyde yields a l^ody 
having a CTE of only 1 0x1 0'^'C"^ . despite the fact that the calculated "R" parameter for this method © greater than the 
upper limit of 10.156. This illustrates an exception to the general rule. Thus mixtures of talc + alumina + silica can be 
fired in less than 4.5 hours to yield bodies with CTE's less than ISxIO'^^'C'^ provided that the mean particle diameter 
of the talc is less than about 4 micrometers and the mean particle diameter of the alumina is finer than about 2 microm- 
eters. 

[0072] Comparative Example 84 demonstrates that a mixture of coarse talc + coarse alumina -t- silica does not result 
in a CTE less than l5x10"^**C'^ when fired in less than 4.5 hours, consistent with the high value of "R"* for this method. 
However. Example 85 showrs ttiat this combination can yield a low-CTE body when fired on a long cycle. 

Raw Material Combinations that Contain Mullite 

[0073] Comparative Exannples 86 to 89 illustrate that raw material combinations that contain large amounts of mullite 
powder do not yield bodies with CTE*s less than 15x10'^°C'^ regardless of whether they are fired on a fast or slow 
schedule. 

[0074] It is to be understood that while the present invention has been described in detail with respect to certain illus- 
trative and specific embodiments thereof, it should not be considered limited to such but may be used in other ways 
without departing from the spirit of the invention and the scope of the appended claims. 
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Table 1 

Weight percentages and mean particle sizes of raw materials used in examples 



BATCH COMPOSmON IN WEIGHT PERCENT [fneyi oarticK vi: in rniaon$. Qtttn in par»ntft»s«$l 



10 



15 



20 



25 



30 



35 



40 



Co/n position 
NumMT 


Tit 


M03 


Mq(OH), 






coined 
Kaolin 


MuOHa 


Akifnin* 


(160 m'/g) 


AHOH)j 




1 


20.3 <6.l) 






11.0 (t.O) 


SB.6 


(0.4) 
















2 


29,3 (6.1) 






11.0 (1,0) 


S0.6 


(0.0) 
















3 








11,0 (1.0J 


50.6 


(7.4) 
















4 


29.3 (16) 






11.0 {1.0} 


50.8 


(0.0) 
















s 


30.3 (1.6) 




- ■ 


11.0 (1.0) 


59.6 


(7.4) 
















B 


31.1 (1.6) 






11.7 (t.O) 


ia 6 


(0.0) 


26.6 (1.6) 














? 








46 6 (t.O) 


















51 4 (4 61 


a 


14.3 (6.1) 


r.6 (O.a) 






78.1 


(0.0) 
















g 


13.g (6 1) 




10.7 (6.5) 




75 S 


(U.B) 
















10 


13.0 (S.I) 




J 0.7 (€.5) 




75.5 


(7.4) 
















1 1 


14.3 (1.6) 


7.6 (0.8] 






78.1 


(0.0) 
















12 


14 (I B) 


7.6 (0 6) 






78.1 


(7.4) 
















1 3 




13.3 {0 8} 






78.6 


10 0) 














O.J (4») 


t 4 




IS. 3 (0 6} 






7B 0 


(7.4} 














0.2 (4 6) 


ts 




13. S (0.6] 






679 


(0.9} 








4.7 (0.4) 






14.9 (4.6) 


t6 


1S.3 (l .fi) 


8.2 (0.6) 






33.4 


(0.9) 


43.1 [1 6) 














17 


IS.3 (6.1) 


ft.2 (0 8) 






33.4 


(0.9) 


43.1 (1.61 














»« 




13.6 (O B] 










75-0 (1-6) 












10.3 (4.6) 


Id 




13.6 (0.81 
















3S1 (0.4) 






51.1 (4.S) 


20 






16.0 (6 5t 


















43.0 (3.01 


41.0 (4.61 


?1 


30.6 (2 1) 








47.1 


(0 3) 








13.3 (0.4) 








22 


30.6 (2.1) 








47 1 


(0.0> 








13.3 (0.4) 








23 


30.« (a.») 








47 ) 


(0.31 








13.3 <0.4I 








24 


30 6 <6 .t) 








47,1 


(0.0) 








13 J (0.4) 








2S 


40.2 (6.1) 








37.1 


(0.9) 








17.8 (0.4) 






5.0 (0.6) 


26 


30.2 (fl.t) 








21.7 


(0.9) 








11.2 (4.5) 




17.8 (3.0) 


10.0 (10.6) 


27 


38.2 <6.t) 








45.5 


(0.0) 










16.3 






28 


39 6 <6.t} 








47 /t 


(7.4) 








13 3 {0.4) 








20 


30.6 (1.6) 








47. t 


(7.41 








133 (0.4) 








3Q 


30.6 (6.1) 








47.1 


(0.0) 








13.3 (4.5) 








31 


39.6 /6.»1 








47.1 










13.3 (4.5) 








32 


40.6 (6.1) 








14.6 


to.oj 


30 .a (1.6) 






13.7 (0.4) 








33 


40.0 (4.2) 








12.6 


too) 


32 8 (t.6) 






137 (0.4) 








34 


♦0.0 {3.4) 








12.6 


(0.0) 


32 S (1.6) 






13 7 {0.*) 








35 


40.9 (2.2) 








12.8 


(0.0) 


32 S (1.6) 






13.7 (0.4) 








36 


40.9 (1.6) 








(2.8 


<o.«) 


32.6 (16) 






13 7 (0.4) 








37 


40.0 (t.B) 








14.0 


lO.O) 


30.S (1.6) 








17.1 






34 


40.7 (6.1) 








1S.4 


17.4] 


26.4 (1.6) 






15 4 (4.6) 






2.0 (4.6) 


39 


40.0 (t.5) 








12.9 


r.4; 


32.5 (1.6) 






137 (4.5) 








40 


40 9 (1.6) 








12.8 


fO.9] 


32 3 (1.6) 






137 f4.5) 








4t 


42.4 (6.1) 


















34.2 (0.4) 






23.5 (4.6) 


42 


42.4 |i.a) 


















34.2 (0.4) 






23,5 (4.6) 


^3 


42.4 (6.0 


















34 2 (4 5) 






23.5 (4 61 


44 


42.4 (6,1) 














476 


(2 6) 








10.1 (4 61 


4S 


42.4 {^A\ 














4p.5 




M (0 4) 






12 1 (*61 
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Table 2 

Firing schedules used for examples. 

Sotk Tim* at 

Mean Healing Metn Heating Mtf^fmum Cyde 

Example Compoaltlon Example Rale (2S-127S*C) Soak Time at Rate (1275- Maximum Soak TerTY)eralura Tima* 



10 



IS 



Number 


Nurrtoet 


Type 




1275*C Ihrs} 


1410*C) CCAv} 


Te/npefaiuf* (*C) 




(nourti 




1 


Invenltv* 


120O 


0 


200 


1410 


1.7 


3.4 




1 


Inventive 


1200 


0 


500 


1410 


1.0 


2.3 




1 


Inventive 


1200 


0 


500 


1410 


0.5 


1.8 




2 


Inventive 


1200 


0 


200 


14 to 


1.7 


3.4 




3 


Invantiva 


1200 


0 


200 


1410 


1.7 


3.4 




4 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 




5 


Inventfv* 


1200 


0 


20 0 


1410 


1.7 


3.4 




a 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 


9 


7 


Comparative 


1200 


d 


200 


1410 


1.7 


3.4 


10 


7 


Comparattva 


40 


0 


15 


1425 


10 


51.3 



20 



Table 2 (continued) 









Firing schedules used for examples. 






















SoakTtone al 










Mean Heaiing 




Mean Heating 




Maximum 


Cyda 


Exannpie 


Compoaiaon 


Example 


Rate (25-1S75'C) 


Soak Time at 


Rale (1275- 


Maximum Soak 


Temparature 


Time- 


Number 


Number 




rC/hf) 


1275«C (nri) 


i4io*C) rcmr) 


TenTperalUf* (•C) 


thra) 


(houri) 


1 1 


6 


Ifwenitve 


1200 


.0 


200 


1410 


1.7 


3.4 


12 


6 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 


13 


8 


Inventive 


1200 


0 


5O0 


1410 


1.0 


2.3 


14 


6 


Inventfve 


1200 


0 


500 


1410 


0.5 


1.6 


15 


9 


Invenlhre 


1200 


0 


200 


1410 


1.7 


3.4 


16 


fi 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 


17 


9 


Inventive 


1200 


0 


500 


1410 


1,0 


2.3 


ia 


9 


tnvantlve 


1200 


0 


SOO 


1410 


0.9 


i.a 


19 


9 


Comparative 


25 


0 


25 


1410 


B 


63.4 


20 


10 


Inventive 


12Q0 


0 


200 


1410 


1.7 


3.4 


21 


10 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 


22 


10 


Inventive 


1200 


0 


5O0 


1410 


1.0 


2.3 


23 


1 0 


imrentlve 


1200 


0 


500 


1410 


0.5 


1.6 


24 


1 1 


iflveniive 


1200 


0 


200 


1410 


1,7 


3.4 


25 


12 


InventWe 


1200 


0 


200 


1410 


1.7 


3.4 


26 


13 


invent IV* 


1200 


0 


200 


1410 


1.7 


3.4 


27 


1 3 


Comparative 


50 


0 


50 


1410 


6 


35.7 




14 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 


29 


14 


Comparative 


50 


0 


50 


1410 


6 


35.7 


30 


15 


Inventive 


1200 


0 


200 


1410 


1.7 


3.4 


31 


1« 


inverrtlv* 


1200 


0 


200 


14T0 


1.7 


3.4 


32 


16 


Comparative 


25 


0 


25 


1410 


6 


63.4 


33 


17 


Inventiv* 


1200 


0 


200 


1410 


1.7 


3.4 


34 


1 6 


lnv*ntlv* 


120O 


0 


200 


1410 


1.7 


3.4 


36 


16 


Comparattv* 


25 


0 


25 


1410 


6 


63.4 


36 


19 


Comparailv* 


1200 


0 


200 


1410 


1.7 


3.4 


37 


1 9 


Comparattv* 


50 


0 


50 


1410 


6 


35.7 


aa 


20 


Comparative 


1200 


0 


200 


1410 


1.7 


3 4 



30 



40 



50 



56 
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TabI* 2 (continued) 

Firing schedules used for examples. 



Exarrp^ Compostilon Ew/tv^ 



Mm HMltng 
fl4l« (25-12r5'C) So«K TUtw «l , 



Mean H«atlng 
Rail (1375- 



SoaK Tim» at 

Maximum Cyci* 
T^mparaiur* Tlma* 



39 


3 1 


I TV- 

Invantlva 


1200 


0 


20O 


1410 


1.7 


3.4 


40 


22 


tnv«nt(v« 


1200 


0 


200 


1410 


1.7 


3.4 


4 1 


23 


lnv«ntlv« 


1200 


0 


200 


1410 


1,7 


3.4 


42 


24 


lnv«nUv« 


1200 


0 


200 


1410 


1.7 


3.4 


43 


25 


trTvaritlv« 


1200 


0 


200 


1410 


17 


3 4 


44 


26 


Comparaltv* 


1200 


0.3 


ISO 


1410 


1 


3.2 


45 


20 


COfnparaltvs 


200 


0 


200 


1410 


1 2 


1« 9 


46 


27 


invanltva 


1200 


0 


200 


1410 


1.7 


3.4 


47 


28 


Invar^va 


1200 


0 


200 


1410 


1.7 


3.4 


48 


29 


IrrvanUv* 


1200 


0 


200 


1410 


1.7 


3.4 


49 


30 


InvanUva 


12U0 


0 


200 


1410 


1 .7 


3.. 4 


30 


3 1 


tnw«ntlva 


1300 


0 


200 


1410 


1.7 


3.4 



10 



15 



20 



30 



35 



40 



45 



50 



55 
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Table 2 (continued) 

Firing schedules usdd tor examples. 

Gofek Tim* It 



EjiBrrpto 
Nunnbar 


Cofnposltlon 
Number 


Extnnpis 
Type 


M«wi Hasting 

CCVtir) 


^nnh TInA mi 
90mM < inw ml 

^2^5*C (hrs) 


Maan Heating 

BatA ri97^ 

1410*0 CC^ht) 


•WMMMivTi own 

T«rro«ra)ufa PC) 


Minimum 

1 ■irtpvruurV 

(firs) 


iil 


5 1 


32 


tnv«n(tv« 


t200 


0 


200 


1410 


1.7 


3.4 


52 


32 


lnv«nttvt 


1200 


0.3 


150 


1410 


1 


3.2 


53 


32 


Irwtruivt 


1200 


0 


125 


1410 


0.5 


2.6 


S4 


32 


Connparaliv* 


7S0O0 


0.063 


63340 


1414 


0.063 


0.2 


55 


33 


invtniive 


1200 


0.3 


150 


1410 


1 




56 


33 


lnv«nifvft 


1200 


0 


125 


1410 


0.5 


2.6 


57 


33 


tnvinttv* 


1200 


1,0 


SCO 


1410 


0.3 


2.6 


56 


34 


Invthtlvt 


1200 


0.3 


ISO 


1410 




3.2 


39 


34 


Invtrtllvt 


1200 


0 


125 


1410 


0.5 


2.0 


60 


34 


lnvii\tlvt 


1200 


1.0 


500 


1410 


0.3 


2^6 


6 1 


3S 


tnvcnilvf 


f200 


0 


200 


14 to 


1.7 


3.4 


62 


35 


Invtnihfa 


1200 


0.3 


150 


1410 


1 


3.2 


S3 


35 


lnv*nttv« 


1200 


0 


125 


1410 


o.s 


2.6 


6 4 


3 5 




75000 


0.063 


63340 


1414 


0.063 


0.2 


6 5 


3 6 


Invcniivt 


1200 










3.4 


56 


36 


Irrvinlfv* 


1200 


0 


200 


1410 


1.7 


3.4 


67 


36 


InvtniNt 


1200 


0 


200 


1410 


1.7 


3.4 


66 


36 


Invtntly* 


1200 


0 3 


ISO 


1410 


1 


3.2 


69 


36 


Invtntlv* 


1200 


0 


12S 


1410 


0.5 


2.e 


70 


36 


invntiv9 


1200 


1.0 


soo 


1410 


0.3 


' 2.6 


7 1 


36 


InvttAtlv* 


1200 


0 


500 


1410 


1.0 


2.3 


72 


36 


lnv«nUv« 


1200 


0 


500 


1410 


0.5 


1.6 


73 


36 


CompKrattv« 


75000 


0.063 


63340 


1414 


0.063 


0.2 


74 


37 




1200 


0 


200 


1410 


1.7 


3.4 


75 


38 


Invinttvc 


625 


0.25 


1620 


1436 


1 


3.3 


76 


36 


Invtnth/t 


625 


0.25 


1620 


U3S 


1 


3.3 


77 


36 


lnv«ntlv« 


1200 


0.3 


150 


1410 


1 


3.2 


78 


36 




1200 


0 


125 


1410 


0.5 


2.Q 


79 


39 


lr^«nilv« 


1200 


0 


200 


1410 


1.7 


3.4 


BO 


40 


lnv«rulv« 


1200 


0 


200 


1410 


1 .7 


3.4 
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TabI 2 (continued) 

Fifing schedules used for examples. 

Soak Time «1 



10 



15 









M«anHMUng 




M«an Heating 




Maximum 


Cyda 




Composition 


Exwnpto 


Rati* t25-1275*C) 


SoftkTkm at 


Rale (1275- 


Maximum Soak 


Tampareture 


Time' 


Nurrb&r 


Number 




rc/ht) 
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Claims 



1. A method of producing a cofdierite body the method comprising: 
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a) providing cordierite-fbrming raw materials selected from the group consisting of talc, calcined talc, MgO- 
forming component, magnesium aluminate spinel. Si02-1brmjng component, Al203-t6rming component, kao- 
lin, calcined kaolin, mullite, and combinations thereof, chosen such that the quantity R is less than about 
1 0. 1 56, wherein B is defined as 

0.140 (wt.% mullite powder) 
+0.433(wt.% Si02 powder) 

+0.0781 (wt.% alpha AI2O3 powder)(mean particle size of alpha At203 powder) 
+0.0872 (wl.% AI(0H)3 powder)(mean particle size of AI(OH)g powder) 
40.00334(wi% Si02 powder)(wt.% spinel powder) 
+2.330 logio {1+(wt.% MgO-forming component){wt.% calcined kaolin)) 
-0.244 (wt.% MgO-fbrming component) 

-0.167 (wt.% disp^sble high surface area AlsQa-fbrming contponent) 
+1 .1305 (heating time at maximum temperature]'^ ; 

b) intimately blerxling the raw materials with an effective amount of vehicle and fomiing aids to impart plastic 
formability and green strength to the raw materials and form a plastic mixture therefrom; 

c) forming said raw materials into a green body; 

d) drying the ^-een body; and 

e) heating said green body from room temperature up to a maximum temperature of about IseC'C to 1435'>C 
at an average heating rate of at least about 31 S^'C per hour ard holding at said maximum temperature for about 
0.05 to 4.4 hours, wherein the total heating time from room temperature to the erKt of the hold at the maximum 
temperature is less than about 4.5 hours, to produce a body tt^t is predominately cordierrte, hating a mean 
coefficient of thermal expansion from about 25*C to 800*C of less than about 15 x lO'^^C '' in at least one 
direction. 

2. A method of daim 1 wherein the raw materials are provided by combinations selected from the group consisting of 
a first combination of talc, spinel, and kaolin, a second combination of talc, spinel, kaolin, and calcined kaolin, a 
third combination of talc, MgO-forming source, and kaolin, a fourth combination of MgO-forming source, kaolin, and 
silica powder, a fifth combination of talc, kaolin, and an Al203-forming source, and a sixth combination of talc, kao- 
lin, an Al203-formfng source, and calcined kaolin. 

3. A method of daim 2 wha'ein the raw materials are provided by combinations selected from the group consisting of 
said first combination and said second combination, wherein the kaolin has a mean partide diameter of less than 
about 3 micrometers. 

4. A metiiod of daim 2 wherein the raw materials are provided t>y said fourth combination, wherein the kaolin has a 
mean particle diameter of greater than about 3 micrometers. 

5. A method of claim 2 wherein the raw materials are provided as a combination selected from the group consisting 
of said second combination, and said sixth combination, wherein the caldned kaolin has at least about 1% by 
weight mullite crystallites therein. 

6. A metiiod of claim 2 wherein the raw materials are provided as a combination selected from the group consisting 
of said fifth contsination, and said sixtii combination, wherein the alumina-forming source has a mean partrcle 
diameter of less than about 2.0 micrometers and/or a specific surface area greater than about 5 m^/g. 

7. A method of claim 6 wherein the alumina-forming source is provided as a di&persit)le high surface area powder or 
sot in which the specific surface area of the partides is greater than about 10m^/g. 

8. A metiiod of daim 6 wherein the mean particle diameter of the talc is less than about 4.0 micrometers. 

9. A metfiod of daim 8 wherein the mean partide diameter of the kaolin is greater than about 3.0 micrometer& 

10. A method of daim 1 wherein the raw materials are shaped by extrusion. 

11 . A method of daim 10 wherein said raw materials are extruded into a honeycomb structure. 
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12. A method of forming a cordierite body, the method comprising: 

a) combining the raw materials talc, alumina-forming source, and silica, wherein the mean particle diameter of 
the talc is less than about 4 micrometers, and the mean particle diameter of the alumina-forming source is less 
than about 2 micrometers; 

b) intimately blending the raw materials with an effective amount of vehicle and forming aids to Impart plastic 
formability and green strength to the raw materials and form a plastic mixture therefrom; 

c) forming said raw materials into a green body; 

d) drying the green body; and 

e) heating said green body from room temperature up to a maximum temperature of about 1 360*C to USS^C 
at an average heating rate of at least about 31 5*C per hour and holding at said maximum temperature for about 
0.05 hours to 4.4 hours, wha-ein the total heating time from room temperature to the end ot the hold at the max- 
imum temperature is no greater than about 4.5 hours, to produce a body that is predominately cordierite, hav- 
ing a mean coefficient of thermal expansion from about 25'»C to 800*C of less than about 15 x lO'^'C in at 
least one direction. 

13. A method of daim 12 wherein the raw materials are shaped by extrusion. 

14. A method of daim 13 wherein said raw materials are extruded into a honeycomb structure. 



20 



EP 0 894 777 A1 



European Patent PARTIAL EUROPEAN SEARCH REPORT App»c«iion Numter 

Office wfiichunder Rule 45 of the European Patent ConventionEP 98 11 2270 

shall be considered, for the purposes of suDsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citatkjn of document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFiCATION OF THE 
APPUCATtON <liit.CL<) 



EP 0 514 205 A {NGK INSULATORS. LTD.) 
19 November 1992 

* page 4, line 18 - line 24 * 

* claims 2-4; figures 6-8; example 1; 
tables 1,5 * 

EP 0 506 301 A (NGK INSULATORS, LTD.) 
30 September 1992 

* page 3, line 39 - line 47 * 

* claims 1,2; figure 2; example 1; tables 
1,6* 

EP 0 227 482 A {NGK INSULATORS, LTD.) 
1 July 1987 

* page 3, line 11 - line 29 * 

* figure 2; example 1; tables 1,4,5 * 



1-14 



C04B35/195 
B01J21/14 



1-14 



12-14 



TECHNICAL FIELTO 
SEARCHED (im.CI.<) 



C04B 
BOlO 



INCOMPLETE SEARCH 



Th« S«arch Oiviaion constdcre inat th« pr»6«nt applicatioa or one or mora of its daims. do«s/do 
not contpty w«h tho EPC to such an ttictsnt that a maarWngM aaarch into tTta state of th» «ft cannot 
bo carrtAd oU, or can onty b» carried out paftlaDy. tor thaaa claima. 

Claims saarchAd complatary : 



Claims aaarctiad Incorrplstaty : 

Claims not searctied : 

Raaaon for the limitation of Ihe search: 

.see sheet C 



THE HAGUE 



Dm of compistan ol tfw asuch 

14 October 1998 



EMndnsr 

Luethe. H 



CATEQCWY OF CITED DOCUMEISfFS 

X : partlcutarly rokavant i lakon alona 

Y : pamculariy r»lsvant i comPtnad with anottw 

docunrwit of ih« sama ceteg&ry 
A ; technoioglcai background 
O : norvwritlen disdosune 
P : MamMdiala documont 



T : thaofy or prtncfria undartylng tha Irwartlon 
E : «arfier patani documant, but pubHahad on, or 

aftarthe ruingdatB 
D : documant cttad In tha appllcttkm 
L : documant cUad for other reasona 

& : membar of tha same piiiut iiur^iji, oorraspondiirig 

documartl 



21 



EP0 8d4 777A1 




European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



EP 98 11 2270 



Application Numter 



Claiin(s) searched completely: 



12-14 



Claiin(s) searched incompletely: 
1-11 



Reason for the limitation of the search: 

1. The Search Division considers that the present European patent 
application does not comply with the provisions of the Convention (here 
Article 84 EPC) to such an extend that it is not possible to carry out a 
meaningful! search into the state of the art on the basis of the entire 
subject-matter of present claims 1-11. 

2. In this case, however, it seemed practical to draw up a partial 
European search report representing the state of the art only in so far 
as what can be understood from claim 1, 



22 



